Previous studies have reported increased rates of social difficulties in children treated by haematopoietic cell transplant (HCT). This study assessed social functioning in children with congenital immunodeficiency treated by HCT and investigated two potential underlying mechanisms that may explain social difficulties: executive function skills and physical appearance. In total, 31 children (8-16 years of age) were assessed on measures of social functioning and peer relationships, executive function and physical appearance. Results were compared with a control group of 31 healthy children, matched for age, gender, ethnicity and cognitive ability. Parent, teacher and self-report data were collected. HCT survivors were described by parents and teachers, but not by themselves, as experiencing more difficulties with social functioning than the control group. Executive function was not associated with social functioning. However, an objective measure of physical appearance was significantly associated with social functioning. Results suggest that children treated by HCT for congenital immunodeficiency do experience significant difficulties in social functioning, not solely accounted for by below average intelligence. These difficulties are associated with physical appearance, but not with executive functional skills. This has clinical implications for identifying and treating children at increased risk of difficulties with social functioning.
Introduction
Haematopoietic cell transplant (HCT) is a highly successful treatment for severe congenital immunodeficiency syndromes and results in long-term correction of immune function. However, studies of psychological functioning post transplant have shown that this group of children are at increased risk of both cognitive difficulties and emotional and behavioural problems in the long term, including increased rates of peer relationship difficulties.
1,2 These problems are of concern because childhood social difficulties are strongly associated with later negative outcomes in adulthood and affect the development of later relationships and social skills. 3, 4 Although the reported cognitive and behavioural difficulties have been shown to be at least partly associated with the child's underlying genetic condition, these children may also be more vulnerable to social difficulties because they have a very abnormal experience in early childhood, including extended periods of illness and social isolation as part of the management and treatment of their immunodeficiency.
There have been several studies specifically focusing on social outcome in children treated by HCT, but these have focused primarily on children with haematological and malignant conditions. [5] [6] [7] [8] [9] With few exceptions, 6 results suggest that children treated with HCT are at increased risk of developing social difficulties, compared with classmate controls. However, there are some important differences in outcome for children treated for congenital immunodeficiency compared with those treated for other conditions. For example, the largest long-term follow-up study showed that HCT was only associated with long-term cognitive difficulties in children treated for malignant or haematological conditions if the child had received cranial irradiation, 10 whereas children with congenital immunodeficiencies have been shown to have lower levels of general cognitive function than their healthy siblings and test norms despite the fact that they do not have cranial irradiation. 2 These difficulties were more severe in specific diagnostic groups for example, adenosine deaminase deficient-SCID and Chediak Higashi syndrome. Furthermore, among the group of children with SCID, those with a molecular diagnosis, indicating a specific immune defect, had better cognitive outcome than children with no identified underlying molecular defect. Therefore, this implies that cognitive difficulties must be at least partly associated with the underlying medical condition.
Research to date has not yet identified the mechanisms underlying social difficulties in children post HCT, but there are several possible factors, including restrictions on socialization due to the management of their condition and during transplant, ongoing physical problems, cognitive impairments or changes in appearance. Evidence from studies of children treated for other chronic illnesses shows that those whose condition (or treatment) results in reduced cognitive abilities are at increased risk of social difficulties 11 and this is consistent with one study of children with immunodeficiencies that showed an association between cognitive ability and difficulties in peer relationships. 2 Studies to date have mostly used measures of general cognitive ability (for example, intelligence quotient (IQ)) rather than measuring specific cognitive functions, but it has been suggested that the executive functions of attention, concentration and working memory may be particularly associated with social difficulties. 5, 12 Executive dysfunction has been shown to be the most frequent cognitive impairment in adult HCT survivors, 13, 14 but has not yet been investigated in children. In addition, executive abilities and social function have been shown to be associated in childhood psychiatric disorders, such as attention deficit hyperactivity disorder, 15 conduct disorder 16 and autism. 17 Physical appearance has long been identified as a major factor contributing to children's peer acceptance and social function for healthy children. 18 Studies of other types of chronic illness in childhood have also shown that children with conditions that have an impact on appearance and physical ability encounter more social difficulties than healthy controls or those with chronic illness alone. 19, 20 HCT can be associated with complications and side effects that can result in enduring changes in general physical appearance. Common side effects include short stature, dental abnormalities, skin changes and hair thinning or hair loss. In addition, ongoing medical difficulties may also result in restriction of physical activity that can limit the child's ability to participate fully in peer activities. 19 One study has shown that changes in physical appearance were associated with the social difficulties in childhood survivors of HCT. 9 The aim of this current study was to investigate social functioning in children with an immunodeficiency treated by HCT and to determine whether social functioning was associated with either executive function or physical appearance. As it has been previously shown that on average these children have lower general cognitive ability than both test norms and unaffected siblings and that this was associated with peer relationship difficulties, a control group of healthy children matched for IQ, as well as ethnic background, age and sex, was recruited in order to control for the effect of lower general cognitive ability and to look at the more specific cognitive skills of executive functioning.
Materials and methods

Participants
All patients aged between eight and 16 years who had been treated with HCT for a congenital immunodeficiency at one centre (Great Ormond Street Hospital) were eligible for the study. The majority had a diagnosis of SCID (58%). Other diagnoses included combined immunodeficiency (20%); Wiskott-Aldrich Syndrome (13%); chronic granulomatous disease (3%); X-linked lymphoproliferative/haemophagocytic lymphohistiocytosis (3%); leucocyte adhesion deficiency and Glanzman thrombasthenia (3%). Children with a diagnosis of adenosine deaminase deficient SCID and Chediak-Higashi syndrome were excluded from the study because these conditions are characterized by more severe cognitive and behavioural difficulties that are markedly different from the rest of the cohort. 2 Of 41 potential participants, 31 (76%) completed the assessment.
The group of patients differed from the UK population in terms of being of low average intelligence and included a high number of families from minority ethnic background. As a control for these factors, a control group of nonchronically ill participants, matched to the patient group for age, gender, ethnicity and IQ were recruited. Exclusion criteria included history of chronic illness and identification as having special educational needs. It was not possible to use paired matching because of the large number of matching variables and group matching was conducted instead. Table 1 shows sample characteristics of both patient and control groups.
Procedure
Patient participants completed the assessment following a hospital appointment or in their own home. Control participants completed a shortened version of the Wechsler Intelligence Scale for Children Third UK Edition 21 at school. Those who's IQ best matched those of children within the patient group were then asked to return to complete the full assessment, also at school. Strengths and difficulties questionnaire (SDQ): Parent, teacher and self-report versions.
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The SDQ is a brief screening questionnaire for identifying emotional and behavioural difficulties in children aged 4-16 years. The peer relationship scale and the pro-social scale (which measures whether the child is considerate and helpful to others) were used for this study.
Social aptitude scale (SAS)
The SAS is part of the Development and Well Being Assessment. 23 The SAS is a more sensitive measure that can detect subtle social difficulties. It consists of a brief description of 10 social situations on which the child is rated in comparison with other children of his/her age.
Vineland adaptive behaviour scales (VABSs)-survey edition: Socialization domain. 24 The VABS is the most widely used measure of adaptive functioning from birth to adulthood. The developmentally sensitive socialization scale measures observable social behaviour, as rated by parents.
Cognitive function (IQ)
Wechsler Intelligence Scale for Children, Third UK Edition. 21 The Wechsler Intelligence Scale for Children, Third UK Edition gives a full-scale IQ based on several subtests assessing different aspects of general cognitive ability. These data were already available for the patient group, who had previously been assessed as part of an earlier study. The control group completed a shortened format, consisting of two verbal subtests and two performance subtests and full-scale IQ score estimates were obtained by prorating the scale scores.
Executive function
Maudsley attention and response suppression task battery 25 (MARS). Three computer-based tests were used to measure 'cognitive control functions', a subset of executive functions. The tests chosen comprised a selective motor inhibition task (go-no-go task), a cognitive inhibition task (Switch task) and a test of sustained attention (Reward continuous performance task (CPT)), Tower (NEPSY: a developmental neuropsychological assessment). 26 The tower subtest of the NEPSY assesses the executive functions of planning, monitoring, selfregulation and problem solving. It requires the participant to move three coloured balls to target positions on three pegs in a prescribed number of moves under time pressure.
Digit Span subtest from the Wechsler Intelligence Scale for Children, Third UK Edition. 21 This is a test of working memory that involves the experimenter reading aloud increasingly long sequences of numbers, which participants are required to repeat.
Physical appearance (HCT group only)
Clinicians rating of physical appearance. A brief scale was developed to objectively measure children's physical appearance. Participants were rated by one consultant clinician who was not involved in the other assessments. Each participant was given a score between one and five 1 ¼ no sign of alterations to physical appearance; 2 ¼ subtle alterations in physical appearance only noticeable to the child and family; 3 ¼ alterations in physical appearance noticeable to others outside the family but not disfiguring; 4 ¼ moderate alterations in physical appearance, immediately noticeable by others; 5 ¼ severe alterations in physical appearance, constituting disfigurement.
Sample size estimation and calculation of statistical power The effect size estimate (Cohen's d) was based on previous studies of outcome in children treated with HCT for congenital immunodeficiency 2, 27 and other conditions. 9 An effect size of 0.8 and P-value of o0.05 were selected to identify the number of participants necessary to find significant differences in key outcome variables. The minimum aggregate sample size estimated was 30 participants.
Data analysis
The data fulfilled the assumptions necessary for analysis using parametric statistics. With the exception of Digit Span, the tests measuring executive function were not age standardized. Exploratory analysis using Pearson's Correlation Analyses revealed a significant correlation between age so analysis of covariance with age entered as a covariate were employed. Exploratory analyses revealed no significant effects of gender with regard to any of the variables studied. Thus, the effect of gender on outcome measures was not included in the analysis.
Effect sizes were calculated for all dependent measure comparisons using Cohen's d. 27 In order to avoid inflation of Type 1 error due to multiple testing, 28 Benjamini and Hochberg's (1995) method was used to maintain the false discovery rate at 0.05.
Results
Independent t-tests showed no significant differences between the patient and control group in age (t(60) ¼ 0.795, P ¼ 0.430) or IQ (t(54) ¼ À0.175, P ¼ 0.862). There was no significant relationship between ethnicity and group ((w 2 ) ¼ 3.914, P ¼ 0.688) or between socio-economic status and group (Mann-Whitney ¼ 396, P ¼ 0.215). Therefore, the groups were not significantly different to each other with regard to any of the key matching variables.
The results for the social functioning dependent variables are shown in Table 2 .
Children in the congenital immunodeficiency group were rated as experiencing significantly more difficulties with Consistent with the SDQ data, SAS scores indicated that children with congenital immunodeficiency were rated by their parents as less socially skilled compared with children in the control group (t(49) ¼ À2.22, P ¼ 0.031). Congenital immunodeficiency children were also rated by their parents on the VABS as demonstrating fewer age appropriate social behaviours than were controls, however, this finding was no longer significant once the P-value had been corrected for multiple testing (t(45) ¼ 2.05, P ¼ 0.046).
Taken together, the data indicate that children treated with HCT for congenital immunodeficiency were functioning less well socially than matched controls and peer relationships constitute a particular area of difficulty for these children. However, important differences were found depending on the informant used, with children themselves not reporting social difficulties and teachers consistently reporting higher rates of difficulties.
The results for the executive function dependent variables are shown in Table 3 . The only significant group difference was found for the 'error effect' dependent variable of the Switch task. There were no significant differences between the groups on all other measures of executive function. These results show that executive functions are not significantly impaired in children treated with HCT for congenital immunodeficiency, compared with IQ-matched controls.
Association between social competence and executive function in children treated with HCT for congenital immunodeficiency With the exception of Digit Span, there were no significant correlations between measures of social competence and performance on tests of executive function. Performance on Digit Span correlated significantly with parent ratings of social competence: SDQ peer (r ¼ À0.4, P ¼ 0.023); VABS (r ¼ 0.4, P ¼ 0.018); and SAS (r ¼ 0.5, P ¼ 0.004).
Together, these data provide very limited support for the hypothesis that executive function ability may be associated N ranged from 27 to 31 for the congenital immunodeficiency group and from 27 to 31 for the control group across the above variables. a Student's t-test is significant at ao0.05 after correction for multiple testing using false discovery rate of Benjamini and Hochberg (1995) . Table 4 .
Clinician's rating of physical appearance was significantly correlated with all teacher rated measures of social function: SDQ peer (r ¼ 0.6, P ¼ 0.001), pro-social (r ¼ À0.4, P ¼ 0.039) and impact (r ¼ 0.6, P ¼ 0.002). In contrast, clinician's rating of physical appearance was not significantly correlated with any parent rated measures of social functioning.
These data provide partial support for the hypothesis that social competence is associated with physical appearance in children treated with HCT for congenital immunodeficiency.
Discussion
This study highlights a number of important findings regarding the social functioning of children with congenital immunodeficiency treated with HCT and the potential mechanisms underlying difficulties within this domain. Results largely supported the hypothesis that even when controlling for below average IQ and key demographic variables, children treated with HCT for congenital immunodeficiency do experience significant difficulties with social functioning. Children treated with HCT for congenital immunodeficiency were rated as experiencing significantly more difficulties with peer relationships than were controls (for example, having fewer friends; being less well accepted by peers; and tending to be solitary and play alone) and were compared less favourably with children of their own age in social situations. However, the results do not support the hypothesis that executive functions in particular were affected or associated with social function. However, an objective rating of physical appearance was significantly correlated with teacher rated measures of social functioning, suggesting that the altered physical appearance may be one factor underpinning the difficulties in social functioning experienced by this group of children.
Parent and teacher information regarding social functioning are often found to be inconsistent, given that parents primarily observe their children at home, rather than during direct interactions with peers, 12 but in this study parent reports of social function were similar to those of teachers. In addition, both parents and teachers reported these difficulties had a significant impact on the children, in terms of distress caused to both child and family and on the children's ability to function effectively. Thus, the agreement of both parents and teachers combined with the large effect sizes obtained, suggests that the difficulties in social functioning occur both at home and at school and have a significant impact.
The only difference between parent and teacher reports concerned the assessment of pro-social behaviours. Teachers, but not parents, rated children in the congenital immunodeficiency group as exhibiting significantly fewer pro-social behaviours compared with controls. The questions used to assess pro-social behaviours include sharing readily with other children, being helpful if someone is hurt, upset or feeling ill and volunteering to help others. It could tentatively be suggested that this finding may reflect lower levels of self confidence when in classroom-based social situations.
In contrast to both, parent and teacher data, self-report ratings of social competence from the children themselves did not differ between the two groups. This discrepancy between the child's self report of his/her own difficulties and that of others is found in several different studies, for example, paediatric HCT 9 and cancer survivors. 29 One interpretation of this finding is that children may minimise the difficulties they experience in social functioning in order to cope with difficulties experienced post illness. However, it may also be true that having experienced and survived a life threatening, chronic illness and treatment, children in the congenital immunodeficiency group use different thresholds to rate themselves compared with healthy children. Unlike teachers, who are more likely to be comparing across the full range of children and childhood experience, children's self reports are based only on their own experience, which is very different from that of healthy children. The discrepancy may also reflect differences in the way adults and children perceive social behaviour and what is considered to be indicative of social difficulties. Children in the congenital immunodeficiency group performed significantly worse on only one measure of executive function (sustained attention) compared with children in the control group and there was no other evidence that executive dysfunction in the HCT children was associated with social function. The only significant finding (between performance on Digit Span and social competence) may in fact reflect the relationship between IQ and social functioning that exists both generally 30 and in this group of children. 2 This general lack of a relationship between executive function and social competence is in Table 4 Correlations between the social competence and physical appearance measures Social outcome in children treated by HSCT E Skucek et al contrast to findings from studies of other groups of neurologically compromised children. [15] [16] [17] It is possible that the lack of association in this study was due to the types of measures used, which were computer-based tasks and, therefore, may not reflect the children's ability in everyday social interactions.
Clinician's rating of physical appearance correlated significantly with all four teacher rated measures of social function. This finding is consistent with previous research, which has found that children whose physical appearance is affected by the HCT process do more poorly with regard to social functioning than those whose appearance is not affected. 9 It is also consistent with other studies in both the general population 18 and children with other types of chronic illness. 19, 20 However, this association was only found for teacher report and not for parent report, which again suggests that there are important differences in the way that social function is seen by different informants. This finding has clinical implications and suggests that HCT survivors whose physical appearance is altered may benefit from psychological input once they have started to reintegrate into social situations, but further work is needed to understand whether interventions to improve social skills could promote social competence.
This study extended previous work in several ways. First, it represents one of the first studies within paediatric HCT research to use a population of children affected by an immunodeficiency, enabling disease-specific processes to be explored. Second, a control group matched for a number of key demographic variables and for IQ was used. Matching for IQ was essential in demonstrating that the difficulties in social functioning were not simply a result of below average IQ. This study also sought to explain these difficulties in social functioning, by investigating potential underlying mechanisms. Although important associations between social functioning difficulties and altered physical appearance were identified, the cross-sectional design meant that it was not possible to make causal inferences. It is also possible that other factors, which were not included in this study, such as the length of the child's isolation in hospital or severity of illness, including GVHD and continued dependence on Ig infusion, may contribute to social difficulties. Well-designed longitudinal studies, including other possible mechanisms would be needed in order to ascertain directions of causality.
Although this study did use multiple informants (child, parent and teacher) the lack of appropriate measures of social competence for use with children who have experienced chronic illness was problematic. The ideal way of measuring social difficulties would include ratings by the child's peers, as they are able to report directly on their experience of relationship with the child. Given that different informants gave different views in this study, future studies should include ratings by peers as well. 12 Computer-based measures of executive functioning were chosen because they have been developed to tap specific domains of executive function ability and avoid the confounding features of some more traditional tests, however, it is difficult to know whether these results can be applied to more natural social situations.
Conclusion
In conclusion, the results of this study suggest that children treated with HCT for congenital immunodeficiency experience significant difficulties in social functioning, not solely accounted for by below average intelligence. In addition, these difficulties persist a long time after transplant, suggesting that they are not just representative of short-term struggles with reintegration into social situations after HCT. In terms of underlying mechanisms that have been studied, most evidence currently points towards the influence of altered physical appearance and general cognitive ability, rather than specifically executive function skills.
